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(57) ABSTRACT

The invention relates to a method for determining the
locations of one or more impacts or touches on a surface of
an object including two or more transducers which improves
the precision of localisation even for low signal to noise
ratios and furthermore provides the possibility to identify
multi touch or multi impact situations. To achieve these
objects the method comprises the steps of: a) receiving a
signal, in particular an acoustic signal, from each one of the
transducers, wherein the signals correspond to at least one
impact at least one location on the surface; b) determining a
representative value based on the signals received in step a)
and predetermined properties, in particular acoustic proper-
ties, of the object at a given location on the surface of the
object; and ¢) deciding whether the at least one impact at the
at least one location on the surface of step a) corresponds to
the given location on the surface based on a comparison of
the representative value and the corresponding value of the
at least two signals.

20 Claims, 5 Drawing Sheets
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METHOD FOR DETERMINING THE
LOCATIONS OF ONE OR MORE IMPACTS
OR TOUCHES ON A SURFACE OF AN
OBJECT INCLUDING TWO OR MORE
TRANSDUCERS

The invention relates to a method for determining the
locations of one or more impacts or touches on a surface of
an object including two or more transducers.

Touch sensitive devices are becoming more and more
popular and numerous applications exist. For example,
computers can be controlled via touch screens, mobile
phones no longer have a numerical keyboard, and the
interface of modern vending kiosks also uses this technol-
ogy.

A part from the capacitive or inductive methods, new
technologies based on the analysis of acoustic waves propa-
gating in the object or the interface region, provide attractive
technological solutions. Such a method is known from EP 1
512 116. In this method the location of an impact on a
surface of an object, e.g. a touch screen or any other input
device, is determined by analyzing acoustic signals which
are captured by acoustic transducers, like piezoelectric sen-
sors. The measured signal being the result of an impact is
then compared with a set of predetermined signals, wherein
the predetermined signals correspond to the signals that are
sensed when an impacts are generated on a plurality of
locations in at least one active zone of the surface of the
object forming an acoustic interface and which were estab-
lished during calibration of the object. When the measured
signal and one of the predetermined signals are sufficiently
close to each other, it is decided that the location at which
the one predetermined signal was obtained during calibra-
tion corresponds to the one of the impact. To extract the
desired information, the method of EP 1 512 116 normalizes
the sensed signals and determines the location of an impact
using the phase information of the signal.

Whereas the method functions well in numerous applica-
tions, certain limitations have been found in case of low
signal to noise ratios or in the presence of more than one
impact at a time.

Starting therefrom it is therefore the object of this inven-
tion to provide a method and a touch sensitive device that
further improves the known method, in particular by pro-
viding better results when the signal to noise ratio is rather
low.

This object is achieved with the method according to
claim 1. This method for determining the locations of one or
more impacts or touches on a surface of an object including
two or more transducers comprises the steps of: a) receiving
a signal, in particular an acoustic signal, from each one of
the transducers, wherein the signals correspond to at least
one impact at least one location on the surface; b) deter-
mining a representative value based on the signals received
in step a) and predetermined properties, in particular acous-
tic properties, of the object at a given location on the surface
of'the object; and ¢) deciding whether the at least one impact
at the at least one location on the surface of step a)
corresponds to the given location on the surface based on a
comparison of the representative value and the correspond-
ing value of the at least two signals.

Instead of comparing two signals, the method according
to the invention proposes to compute a representative value
which not only account for the predetermined acoustic
properties but also the properties of the real impact. It
appeared that by proceeding this way, it becomes possible to
identify the location of an impact on an interaction surface
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2

even under less favourable conditions, e.g. for low signal to
noise signals and in case more than one impact occurs at the
same time.

Here, in this context, the term “impact” relates to any kind
of touch event, like a tap with a finger, a stylus, or a
continuous interaction on the surface, like a dragging. Fur-
thermore in case of the presence of more than one impact,
those especially relate to simultaneous impacts but also to
multi drag activities. Furthermore the signals and predeter-
mined properties of the object are preferably in the acoustic
range, in particular the audible range. However, according to
the invention, the range of frequencies for which signals and
properties are obtained can be extended, in particular up to
about 100 kHz. The term “properties” or “acoustic proper-
ties” relates to values that characterize the object, for
instance the acoustic responses that relate the transducers
with a given location. These values are typically obtained
following a calibration of the system.

Advantageously, the step b) can comprise a step bl) of
determining a reconstructed source signal for the given
location based on the properties of the object at the given
location and the at least two signals received in step a).

In this context, the reconstructed source signal corre-
sponds to an estimation, in particular the best possible
estimation, of a source for each one of the locations on the
interaction surface for which the acoustic responses for the
at least two transducers H1, H2 had been determined before-
hand and are thus known and which leads to the signals
received by the transducers or at least to signals similar to
that. The estimated source thus corresponds to a kind of
virtual impact on those locations. Typically, step bl) is
carried out in the frequency domain after e.g. a Fourier
transformation of the measured signals.

Preferably, step b) can further comprise a step b2) of
determining at least two reconstructed signals, in particular
acoustic signals, for a given location based on the recon-
structed source signal and the properties of the surface of the
object at the given location. Thus, the reconstructed source
signal serves as the basis of a calculation of the signal one
would expect at the transducers when the virtual impact
occurs at the given location. The similarity between the
reconstructed signal and the measured one provides a pos-
sibility to decide whether the real impact occurred at that
given location or not.

Advantageously, the comparison in step ¢) can comprise
determining the error energy which can be expressed
numerically by

D ller(f) = e (s DP + lea () = 5 D),
k

wherein e, (f,) and e,(f,) represent the at least two signals
received in step a) transformed into the frequency domain,
e,'(f,,1) and e,'(f,.1) represent the at least two reconstructed
signals based on the reconstructed source at the given
location 1 on the surface of the object, and the sum goes over
the frequencies k of interest, in particular the frequencies for
which predetermined properties of the object are present.
For the location i closest to the real impact this value will
show a minimum. Instead of a second order value, also
higher orders, e.g. order 4, of the terms le, ,(f,) —e, ,'(f)I
could be used in the decision taking step c) to even better
discriminate between a location at which an impact occurred
and other locations.
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According to a preferred embodiment, step b) and ¢) can
be combined by directly determining the error energy using
the expression

D Uer(P + Aap ille2 (ol = le (P + Re(hs ;- €1 (6)- 2],
k

wherein e, (f,) and e,(f,) represent the at least two acoustic
signals received in step a) transformed into the frequency
domain, A,,, and A;,, are proportional to the acoustic
properties for a given location i on the surface of the object,
in particular A, , =H,*(f,DH,(f,,)) and A, , ==2-H,*(f},1)
H, (f,,1), with H,(f,,1) and H,(f,.1) representing the acoustic
responses between the location i and the position of the
transducers. Compared to the above embodiments, less
computational power is necessary to determine the location
of impact, as the error energy is directly obtained. Thus the
process can be realized faster.

Preferably, step b) can comprise a filtering step b3) for
removing background noise around the maximum of the
reconstructed source signal, in particular, in time domain.
By applying a filter the signal to noise ratio for the recon-
structed source signal can be further improved. In addition,
by applying a filter, it was found out that a plurality of
simultaneous impacts can be identified separately, as spuri-
ous contributions from distant sources are at least partially
removed.

Further preferred step b3) can comprise the steps of:
transforming the reconstructed input source signal of step
b1) in the time domain; then determining a time (t,,, ) at
which the reconstructed input signal has a maximum ampli-
tude; then filtering out a time window around t, . to
obtained a modified reconstructed source signal correspond-
ing to a given impact at the given location on the surface of
the object; retransforming the modified reconstructed source
signal into frequency domain, and using the modified recon-
structed source signal in the frequency domain in step b2) as
the reconstructed source signal. With these process steps, the
filtering of the signal leads to further improved results.

Advantageously, the steps a) through c) can be repeated
for a plurality of locations on the surface of the object. Thus
the whole surface of the object can be analyzed to find out
at which location the real impact took place. Furthermore,
with the inventive method it becomes possible to identify
not only one impact but even more than one location of an
impact in one analysis run over the locations of the surface
of the object for which predetermined properties had been
previously determined.

Advantageously, step b) can comprise a triggering step to
carry out step b3) only for locations close to the location of
a real impact. Triggering could, for instance, be based on an
analysis of the phase properties of the reconstructed source
signal. With the triggering step the time to identify the
location or locations of real impacts can be further reduced.

According to a preferred embodiment, step ¢) can com-
prise determining the signal energy of the signals received in
step a), in particular by determining the value

D ller(FOP +le2(FOl),
k

wherein k represents number of values in the frequency
domain f, and e,(f,) and e,(f,) represent the at least two
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signals received in step a) transformed into the frequency
domain and the decision of step c¢) is taken based on the ratio
between the signal energy and the error energy. In this case,
the given location which comes closest to the location of the
real impact can be identified by a maximum, in particular an
absolute or relative maximum.

Preferably, step ¢) can comprise deciding that the given
location corresponds to one location of an impact when the
error energy represents an absolute or relative minimum
value compared to the error energy of neighbouring loca-
tions. In this alternative the given location/s corresponding
to a location/s of a real impact can be identified as minimum.

According to the invention, the minimum of the error
energy or the maximum of the ratio can be determined after
having analysed all locations i of the surface of the object for
which predetermined properties have been determined, or
can be determined by comparing the value for a given
location with the value of a previously analysed location and
only keeping the smaller one in case of error energy or the
larger one in case of the ratio. The first variant thus provides
maps from which more than one extreme can be extracted
and thus can be preferably used for multi-impact, multi-
touch applications. The second variant is very simple to
carry out and thus is of interest when speed plays a major
role.

Preferably, both amplitude and phase information of the
received signals are used in step b). By not only considering
phase information, but also amplitude to determine the
representative value, the location of an impact can be
determined with even higher precision but also the resis-
tance of the method to any kind of noise.

Further, the invention relates to a computer program
product comprising computer executable instructions for
performing the method as described above. With this com-
puter program product, the same advantages as with the
method can be achieved.

Finally, the invention also relates to the touch sensitive
device according to claim 15 and comprising an interaction
surface and at least two transducers and a control unit
configured to carry out the method according to the method
as described above. With this touch sensitive device, the
same advantages as with the method can be achieved.

The invention will be described further in detail in rela-
tion to the enclosed figures.

FIG. 1 illustrates a touch sensitive device with an inter-
action surface configured to carry out the method according
to the invention,

FIG. 2a illustrates a first embodiment of the method to
determine the location of an impact according to the inven-
tion,

FIG. 25 illustrates the result of the analysis of the first
embodiment,

FIG. 3 illustrates a second embodiment of the method to
determine the location of an impact according to the inven-
tion which can be carried out faster than the first embodi-
ment,

FIG. 4aq illustrates a third embodiment of the method to
determine the location of an impact according to the inven-
tion configured to identify more than one location of impact,

FIG. 4b illustrates the result of the analysis of the third
embodiment, and

FIG. 4c illustrates the result of the analysis of the third
embodiment.

FIG. 1 illustrates a three-dimensional schematic view of
a touch sensing device 1 using the method for determining
a location of an impact on a surface according to the
invention.
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The touch sensing device 1 comprises an interaction
surface 3, via which a user can provide an input to the device
by a touch event, and at least two transducers 5 and 7, e.g.
piezoelectric transducers, capacitive piezoelectric transduc-
ers, magnetostrictive piezoelectric transducers, electromag-
netic piezoelectric transducers, or any device capable of
transforming an acoustic signal into an electric one. How-
ever, the invention can also be carried out with more than
two transducers.

The invention will be described for acoustic signals in the
audible range, however without departing from the inven-
tion, also signals in a frequency range of up to 100 kHz
could be analyzed according to the invention.

A control system 9 of the touch sensing device 1 is
configured to identify the location of a touch event, an
impact by a finger or a stylus, a dragging over the surface,
but also a multi touch or multi drag action, during which
more than one input are exerted by a user on the interaction
surface, to provide this information via an output interface
11 to control inputs to an electronic device (not shown), like
a handheld electronic device, a computer or any kind of
machine with a touch sensitive interface.

The control system 9 comprises a database with data
characterizing the properties in the frequency range of
interest, e.g. audible frequencies. For a certain number of
locations i, which preferably are spread out evenly over the
entire interaction surface 3 or at least a region of interest of
the interaction surface, the database comprises values pro-
portional to the acoustic responses H, and H, which link the
signals S received by the transducers 5 and 7 to the excita-
tion E at the location i by S=H*E.

To identify the location s of an impact provided by a user,
the control system uses one of the methods as described
below.

FIG. 2a shows a block diagram of a method according to
a first embodiment of the invention. According to step a) of
claim 1, the transducers 5 and 7 receive a first and second
signal e (t) and e,(t) at steps S1 and S2. Via a Fourier
transform (step S3 and S4), in particular a FFT type Fourier
transform, the signals are quantized e.g. in 512 values and
transformed into the frequency space e, (f) and e,(f), here
typically the audible frequency range, but the range could
also extend beyond, e.g. up till 100 kHz.

Step S5 then consists in determining the signal energy

D len (RO +le2(fOP)
k

where the sum goes over all frequencies or a sub range of
these frequencies.

The signals e, (f) and e, (f) are furthermore used in step S6
to estimate an input source, thus a virtual source, at a given
location i (see FIG. 1) using the properties H, and H, of the
object stored in the database. H, and H, are actually function
of frequency f and location i, thus H,=H,(f,i) and H,=H,
(f1). The reconstructed source signal is obtained by the
following equation:

ei(fi)

SOF —
ez(fk)} U5

57D =Z[f1i(fk,i> ﬁ;‘(fk,i)][

k
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Using é(f,i), the reconstructed source signal, one then can
obtain the reconstructed signal based on the following
equation (S7):

VIf ey (b=, (1)-S(1)

Y o) =Ho(51)-551)

These reconstructed signals correspond to the signals
observed at transducers 5 and 7 in case an impact corre-
sponding to S(f,1) is carried out upon the interface and form
the representative values according to step b) of claim 1.

Then in step S8, the error energy of the reconstruction is
determined based on the following equation:

error energy (at point i) = Z (le (fe) = e1{fe N? + lea(fi) — ez?;_i)lz)
X

Steps S6 to S8 are then repeated (S9) for all locations i=1
to N for which the database has predetermined properties.
Instead of a second order value, also higher orders, e.g. order
4, of the terms le, ,(f)-e, ,'(f))| could be used in the
decision taking step c) to even better discriminate between
a location at which an impact occurred and other locations.

Then the maximum value of the ratio of signal energy of
step S5 over error energy of S9 is determined during step
S10. The location i,,, of the maximum value actually then
corresponds to the location where the real impact occurred.
This is schematically illustrated in FIG. 25, which recalls the
device of FIG. 1 and also shows the results of the ration
signal energy/error energy.

Instead of looking at the maximum of the ratio in S10 it
is also possible to carry out the invention by not carrying out
step S5 and to search for the minimum error energy value of
the error energy values of Step S8. According to a further
variant, the location of impact i,,, could also be found by
memorizing in each iteration the minimum value between
the error energy of the location that is currently analyzed and
the error energy that was minimal up to then. By doing so the
amount of data analysis can be further reduced, as in each
iteration only one additional calculation step needs to be
carried out.

FIG. 3, illustrates a second embodiment of the inventive
method. This embodiment represents a simplification of the
first embodiment. In fact steps S6 to S8 are combined into
one process step by directly calculating the error energy
between the measured signals and the reconstructed ones.
Steps S6 to S8 are replaced by step S20 which can be
expressed as:

ley (0)I* +

Qo (le2) = ley (1) +
K Re(Az - €] (k) - ea(k))

error energy at position i =

In this expression A, ; ~H, *(f.DH, (f,.1), A3 5, ~H,*(13,1)
H,(f,.1) are used out of the lookup table of the device 1
(S21). Compared to the first one the elements of the look up
table have therefore been adapted by combining the
responses H, and H,. With these amendments it thus
becomes possible to obtain the error energy in one step, thus
calculation is simplified and the process can be carried out
faster. In this example, the sum over the frequencies goes
over 233 values representing the frequencies for which the
look-up table provides the responses H, and H,.
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The other process steps correspond to the ones of the first
embodiment and their description is therefore not repeated
again, but incorporated by reference. The method according
to the second embodiment can be adjusted using the same
variants as in the first embodiment.

FIG. 4a shows a block diagram of a method according to
a third embodiment of the invention. It allows the determi-
nation of more than one simultaneous impact on the inter-
action surface. Here more than one impact, relates to touch
events, like taps by fingers, but also to dragging actions over
the interface 3 carried out be e.g. two fingers.

Compared to the first embodiment, the third embodiment
comprises steps S30 to S35 which replace steps S6 to S8 of
the first embodiment. The remaining steps are the same and
their description is therefore incorporated herewith by ref-
erence.

The method of the third embodiment carries out a filtering
step on the reconstructed source signal of S6 to remove
background noise but also spurious contributions from more
distant excitation sources. To do so first of all (S30) the
reconstructed source S(£,j) is transformed back into the time
domain S(t,1). The corresponding signal 40 is illustrated in
FIG. 4. In the next step S31, the time t,,, for which the
signal 40 has its maximum is determined. Then in step S32,
only the signal within a window 41 between t, and t,
positioned around t,, .. is kept, the remaining signal is
filtered out. In S33 the modified source signal is again
transformed back into the frequency domain S, , _,(f,1) and
based on this modified reconstructed source signal the
modified reconstructed signal can be determined in step S34
using the expression:

Vf ey (F)=H (£1)S ronen (1)

Vf ex(F)=Ho(f1)S ronn(1)

Based on the modified reconstructed signals again the
error energy at the given location i is determined using the
expression:

error energy (at point )= Y (le1(fi) = &1, D +le2(f) = e )
k

Like in the first and second embodiment, this process is
carried out for all locations i on the interaction surface and
then based on the maximum ratio criterion, the locations of
the impacts are determined by looking at locations with
maximum ratios. This is illustrated in FIG. 4¢ which shows
the results of step S10 for a double touch. For positions A
and B maximum ratios have been identified using the
method according to the third embodiment. This became
possible due to the filtering step.

The method according to the third embodiment has the
advantage that the two or even more locations can be
obtained in one analysis run covering all locations i. For the
following frame thus the same process steps can be carried
out, so that in real time dragging actions over the surface and
multi dragging actions over the surface 3 can also be
analyzed.

To further speed up analyzing time, a variant foresees a
triggering step, which identifies potential locations at which
an impact might have occurred and therefore steps S30 to
S35 are only carried out for these locations. For the others
the method according to embodiment one or two can be
applied.

8

Of course instead of the maximum ratio criterion, also the
other variants as described in embodiment 1 and 2 to identify
the location of the impact can be used.

The methods according to the first to third embodiments

5 can be carried out by a computer program product. Further-
more they provide stable results even for low signal to noise
ratios as all the information of the received signals, thus
amplitude and phase, are used.

The invention claimed is:
1. A method for determining one or more impact locations
on an object’s surface, the method comprising:
receiving acoustic signals from at least two transducers,
wherein the acoustic signals correspond to at least one
impact location on the object’s surface;
determining a representative value based on a recon-
structed excitation source signal, wherein the recon-
structed excitation source signal is based on an algo-
rithmic transformation of (i) the acoustic signals and
(ii) predetermined acoustic properties of the object at a
given location on the object’s surface;
removing background noise around a maximum of the
reconstructed excitation source signal in a time domain,
wherein the removing comprises:
transforming the reconstructed excitation source signal
in the time domain:
determining a time (t,,,.) at which the transformed
reconstructed excitation source signal has a maxi-
mum amplitude;
filtering a time window around t,,,, to obtain a modified
reconstructed source signal corresponding to a given
impact at the given location on the object’s surface;
and
transforming the modified reconstructed source signal
into a frequency domain; and
deciding whether the at least one impact location corre-
sponds to the given location on the object’s surface
based on a comparison of the representative value and
a corresponding value of the acoustic signals.
2. The method according to claim 1, wherein the deter-
mining the representative value further comprises:
determining at least two reconstructed acoustic signals for
the given location based on the reconstructed excitation
source signal and the predetermined acoustic properties
of the object at the given location.
3. The method according to claim 2, further comprising:
determining an error energy using the expression:
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< D ler(fi) = el (s D +lea(fi) = i D),
k

wherein e, (f;,) and e,(f,) represent algorithmic trans-
formations of the acoustic signals forming the corre-
sponding values, e,'(f,,1) and e,'(f,,i) represent the at
least two reconstructed acoustic signals based on the
reconstructed excitation source signal at a given loca-
tion i on the object’s surface, and the summation is over
frequencies of interest, k, comprising frequencies for
which the predetermined acoustic properties of the
object are present.
4. The method according to claim 1, further comprising:
repeating the receiving, determining, and deciding for a
plurality of locations on the object’s surface.
5. The method according to claim 1, wherein the remov-
ing is triggered for locations close to a location of a real
impact.
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6. The method according to claim 3, further comprising:
determining a signal energy of the acoustic signals using
the expression:

D ller(FOP +le2(FOl),
k

wherein k represents a number of values in a frequency
domain, and e,(f,) and e,(f,) represent algorithmic
transformations of the acoustic signals; and

the deciding is based on a ratio between the signal energy
and the error energy.

7. The method according to claim 3, further comprising:

deciding that the given location corresponds to one loca-
tion of an impact when the error energy represents a
minimum value compared to an error energy of neigh-
boring locations.

8. The method according to claim 6, further comprising

determining at least one of:
a minimum value of the error energy by: analyzing
locations i on the object’s surface for which predeter-
mined acoustic properties have been determined, or
comparing a value for a given location with a value of
a previously analyzed location and keeping a smaller
value error energy; and
a maximum value of the ratio by: analyzing locations i on
the object’s surface for which predetermined acoustic
properties have been determined, or comparing a value
for a given location with a value of a previously
analyzed location and keeping a larger value ratio.
9. The method according claim 1, wherein amplitude and
phase information of the acoustic signals are used in the
determining the representative value.
10. The method according to claim 1, further comprising:
determining at least two modified reconstructed acoustic
signals corresponding to the acoustic signals for the
given location based on the modified reconstructed
source signal and the predetermined acoustic properties
of the object at the given location.
11. A non-transitory computer program product compris-
ing one or more non-transitory computer readable media
having computer-executable instructions stored therein for
execution by a processor to perform operations for deter-
mining one or more impact locations on an object’s surface
comprising:
receiving acoustic signals from at least two transducers,
wherein the acoustic signals correspond to at least one
impact location on the object’s surface;
determining a representative value based on a recon-
structed excitation source signal, wherein the recon-
structed excitation source signal is based on an algo-
rithmic transformation of (i) the acoustic signals and
(ii) predetermined acoustic properties of the object at a
given location on the object’s surface;
removing background noise around a maximum of the
reconstructed excitation source signal in a time domain,
wherein the removing comprises:
transforming the reconstructed excitation source signal
in the time domain;

determining a time (t,,, ) at which the transformed
reconstructed excitation source signal has a maxi-
mum amplitude;

filtering a time window around t,,,, to obtain a modified
reconstructed source signal corresponding to a given
impact at the given location on the object’s surface;
and
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transforming the modified reconstructed source signal
into a frequency domain;
and
deciding whether the at least one impact location corre-
sponds to the given location on the object’s surface
based on a comparison of the representative value and
a corresponding value of the acoustic signals.
12. The non-transitory computer program product accord-
ing to claim 11, further comprising:
determining at least two reconstructed acoustic signals for
the given location based on the reconstructed excitation
source signal and the predetermined acoustic properties
of the interaction surface at the given location.
13. The non-transitory computer program product accord-
ing to claim 11, further comprising:
determining an error energy using the expression:

D llen(fo) e (s D + lea(f) = 5(fi D),
k

wherein e, (f;,) and e,(f,) represent algorithmic trans-
formations of the acoustic signals forming the corre-
sponding values, e,'(f,,1) and e,'(f,,i) represent the at
least two reconstructed acoustic signals based on the
reconstructed excitation source signal at a given loca-
tion i on the object’s surface, and the summation is over
frequencies of interest, k, comprising frequencies for
which the predetermined acoustic properties of the
object are present.

14. The non-transitory computer program product accord-

ing to claim 13, further comprising:

determining a signal energy of the acoustic signals using

the expression:

el +lea (SO,
k

wherein k represents a number of values in a frequency
domain, and e,;(f,) and e,(f;,) represent algorithmic
transformations of the acoustic signals; and
the deciding is based on a ratio between the signal energy
and the error energy.
15. The non-transitory computer program product accord-
ing to claim 13, further comprising:
deciding that the given location corresponds to one loca-
tion of an impact when the error energy represents a
minimum value compared to an error energy of neigh-
boring locations.
16. A touch sensitive device comprising:
an interaction surface;
at least two transducers coupled to the interaction surface;
and
a control unit coupled to the at least two transducers and
configured to:
receive acoustic signals from at least two transducers,
wherein the acoustic signals correspond to at least
one impact location on the interaction surface;
determine a representative value based on a recon-
structed excitation source signal, wherein the recon-
structed excitation source signal is based on an
algorithmic transformation of (i) the acoustic signals
and (ii) predetermined acoustic properties of the
interaction surface at a given location on the inter-
action surface;
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remove background noise around a maximum of the
reconstructed excitation source signal in a time domain,
wherein to remove the background noise, the control
unit is configured to:
transform the reconstructed excitation source signal in
the time domain;
determine a time (t,,,,) at which the transformed recon-
structed excitation source signal has a maximum
amplitude;
filter a time window around t, . to obtain a modified
reconstructed source signal corresponding to a given
impact at the given location on the object’s surfaces
and
transform the modified reconstructed source signal into
a frequency domain; and
decide whether the at least one impact location corre-
sponds to the given location on the interaction surface
based on a comparison of the representative value and
a corresponding value of the acoustic signals.
17. The touch sensitive device according to claim 16,
wherein the control unit is further configured to:
determine at least two reconstructed acoustic signals for
the given location based on the reconstructed excitation
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source signal and the predetermined acoustic properties
of the interaction surface at the given location.

18. The touch sensitive device according to claim 17,
wherein the control unit is further configured to determine
an error energy at the given location on the interaction
surface based on the representative value based on the at
least two reconstructed acoustic signals, and the correspond-
ing value of the acoustic signals.

19. The touch sensitive device according to claim 18,
wherein the control unit is further configured to determine at
least one of:

a minimum value of the error energy at a plurality of

locations on the interaction surface; and

a maximum value of a ratio between a signal energy of the

acoustic signals and the error energy at the plurality of
locations on the interaction surface.

20. The touch sensitive device according to claim 16,
wherein to remove the background noise, the control unit is
configured to remove background noise for locations at or
near a real impact.



